of mitosis when the bud cell body receives a progeny spindle pole. The signal that this has occurred is generated when a GTP binding protein located on the outside M. Andrew Hoyt* Department of Biology The Johns Hopkins University Baltimore, Maryland 21218 of the spindle pole is brought into the vicinity of an activator confined to the bud. Thus, the outcome of a motile process, mitotic spindle-mediated segregation of replicated chromosomes, is monitored spatially. To the observer, one of the most remarkable aspects Exit from Mitosis by Budding Yeast of the eukaryotic mitotic cell cycle is the precision with The geometry of cell division by budding requires that which numerous complex processes are temporally coa progeny nucleus is actively transported to the bud ordinated. Aberrant initiation of key cycle events prior cell. This is accomplished by the combined actions of to the completion of preceding events can have severe nuclear and cytoplasmic microtubules. As their names consequences, such as genetic instability or cell death.
Figure 2. Spindle Pole Position Determines Exit from Mitosis
The SPB-localized Tem1p GTP binding protein is maintained in an inactive (GDP-bound) state by the associated GAP, composed of Bub2p and Bfa1p. Entry into the bud, as shown for the aligned spindle on the right, brings Tem1p into close proximity to its GEF activator Lte1p (yellow color, with increased concentration at the bud cortex). The GEF activity of Lte1p then overcomes the actions of the GAP, converting Tem1p to an active (GTP-bound) state. Tem1p-GTP, acting through other MEN proteins, causes the release of the Cdc14p phophatase from the nucleolus. The released Cdc14p dephosphorylates targets that then promote exit from mitosis. The spindle on the left is misaligned due to reduced cytoplasmic microtubule function. The Tem1p on the mislocalized SPB does not make contact with the Lte1p activator, resulting in prolonged arrest in late mitosis.
highlighted here, as well as others previously, reported
The Mitotic Exit Network and the Role of GTP Binding Tem1p that mutants that perturb cytoplasmic microtubule function cause spindle misalignment yet still permit anaLoss of function of CDC14, as well as a group of other genes (CDC5 encoding a polo kinase, CDC15, DBF2, phase spindle elongation exclusively within the mother cell. However, cells with misaligned spindles can recog-DBF20, MOB1, TEM1 and LTE1), causes cell cycle arrest in late mitosis, similar to the arrest caused by the high nize the defect; they do not exit from mitosis. Misaligned anaphase spindles can persist for very long periods of expression of a nondegradable B-type cyclin. Together, the products of these genes act in the mitotic exit nettime, while aligned anaphase spindles, that have properly segregated progeny chromosome sets, break down work (MEN). Two key papers published last year revealed that the MEN regulates the activity of Cdc14p in rapidly, indicating mitotic exit.
At the biochemical level, exit from mitosis requires an unexpected fashion ( (spg1p and cdc7p, respectively) prevents septum formation but allows the nuclear division cycle to continue. kinetics as cells with correctly aligned spindles that had Similarly, the S. cerevisiae Bub2p/Bfa1p GAP acts to restrain exit from mitosis, while the homologous S. pombe cdc16p/byr4p GAP acts to restrain septation. These four S. pombe proteins are also SPB localized, and like their S. cerevisiae MEN homologs, asymmetrically distributed between the two poles. As in S. cerevisiae, the significance of this asymmetric pole distribution is not understood but its conservation is intriguing. The SPB localization suggests the S. pombe mechanism may also be sensing spatial position of the pole. Since cytokinesis is a subset of the events that follow mitosis, it seems likely that these pathways are performing similar roles in these distantly related yeasts. However, S. pombe may use an additional mechanism to restrain the nuclear mitotic cycle when the spindle fails to complete its function.
In animal cells, the position of the mitotic spindle determines the division cleavage plane and cytokinesis is tightly coupled to completion of spindle function. Asymmetric cell divisions, essential for many developmental processes, are accomplished by moving spindles to specific cellular locations. The critical requirement for proper spindle positioning in metazoans suggests that a mechanism similar to the S. cerevisiae MEN will prevent exit from mitosis until the spindle is in the right place. As is often the case, the studies of unicellular eukaryotes will stimulate the analysis of homologous pathways, so we can expect to hear about MEN function and spindle positioning in metazoan cells in the near future.
